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ABSTRACT 
 
BASELINE GROUNDWATER COMPOSITION AND QUALITY BELOW 
IRRIGATED ALMOND AND WALNUT ORCHARDS IN DURHAM, CA, USA. 
Candace A. Gallion 
 
This study investigated groundwater quality in the Durham, California, USA area. 
The goal of the study was to determine baseline groundwater quality for the study area, 
whether crop type or time of year influenced groundwater quality, whether groundwater 
quality was significantly different among sample sites, and if groundwater quality test 
factors were correlated, and if any limiting factors for irrigation were present. 
Groundwater samples were collected and analyzed from eleven wells in almond (A2, A4, 
A5, A6, A7 and A8) and walnut (W1, W2, W3, W4 and W5) orchards and samples were 
sent to a laboratory to be analyzed for calcium (Ca), magnesium (Mg), potassium (K), 
sodium (Na), sulfate (SO4), bicarbonate (HCO3), iron (Fe), chloride (Cl), and nitrate 
(NO3) concentrations, total dissolved solids (TDS), hardness, pH, electrical conductivity 
(EC), and sodium adsorption ratio (S.A.R.). Groundwater samples were collected in 
September 2008, March 2009, May 2009 and September 2009. Results were analyzed 
using One-Way ANOVA testing and a correlation analysis, both at alpha levels equal to 
0.05. Not many differences were discovered among sampling times or between tree 
types. Potassium was the only factor significantly different between the almond (0.98 
ppm) and walnut (0.73 ppm) sites, a trend possibly resulting from greater usage of 
potassium fertilizer in almond orchards as compared to walnut orchards. Sodium 
adsorption ratio was greater in March 2009 (0.35) and May 2009 (0.34) than either 
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September sample (both 0.26) due to leaching of sodium into groundwater following rain 
events. Mean potassium concentration was greater in March 2009 (1.49 ppm) than in 
May 2009 (0.69 ppm), September 2008 (0.75 ppm) or September 2009 (0.63 ppm), also 
due to leaching of potassium into groundwater during the rainy winter months. Many 
differences were found among the sampling sites. In general, W1, W3, W5, A2, A4, A6 
and A8 had lower concentrations of the test factors, and therefore purer groundwater, 
than W2, W4, A5 and A7. The majority of the test factors had significant, positive 
correlations with other test factors, with the exception of pH; pH had primarily significant 
negative correlations with the other test factors. Test factors were not present in 
groundwater at levels to cause any severe irrigation restrictions. Slight-to-moderate 
limitation levels were found for HCO3 (all sample sites), TDS and EC (W2, W4, A5, and 
A7), and NO3 (W1, W2, W3, W4, A4, A5, and A7). Overall, groundwater at the sampled 
sites was suitable for use as irrigation water, not many tree type or temporal differences 
in groundwater quality were discovered, many differences were found among sample 
sites, and many correlations were present among test factors. The information gathered 
and interpreted in this study will be useful for making management decisions regarding 
use of the tested groundwater for irrigation.  
 
Keywords: groundwater quality, irrigation suitability 
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CHAPTER 1: INTRODUCTION 
 
Background Information and Problem Statement 
 
Groundwater is an important source of irrigation water in many areas of the 
world.  The quality of groundwater is important since it can have a large impact on crop 
health. Ions such as sodium and bicarbonate can cause problems in cropping systems if 
present in excessive levels.  Groundwater quality can vary on a seasonal basis and by 
well location (Reddy et al., 2009).  The problem, then, is knowing whether or not 
groundwater quality is poor, where it is poor, and if it is poor year-round.  Monitoring 
groundwater quality is essential to determining if any measures need to be taken to 
remediate groundwater quality issues.   
Statement of the Overall Goal 
 
The overall goal of my research was assess groundwater quality.  More 
specifically, groundwater quality will be investigated in Durham, California, USA, which 
is in the northern Sacramento Valley of California, below established almond and walnut 
orchards.  Since groundwater is a primary source for crop irrigation water for many 
farmers in this area, the quality of groundwater can have a large impact on agricultural 
production. 
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 Statement of Subgoal to be Investigated 
 
The subgoals investigated were ascertaining the baseline groundwater quality for 
the Durham, California area, whether groundwater quality was different from well to 
well, whether crop type played a role in groundwater quality, and whether groundwater 
quality changed significantly depending upon time of year.  
Importance of the Project 
 
This research established baseline concentrations for impurities in groundwater in 
the Durham, California area and how ion levels change depending upon the season, 
location, and crop type.  Currently, no groundwater quality information pertaining to 
irrigation could be found for the Durham, California area.  Groundwater quality 
information gathered during this research can be used by farmers in the area to make 
management decisions to counteract possible poor groundwater quality conditions.   
General Approach 
 
This was an empirical, applied research study.  Groundwater samples were 
collected out in the field and sent to a professional laboratory for analysis.  Data from 
groundwater analysis were statistically interpreted to find any significant relationships 
and/or trends. 
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Scope 
Sampling Times 
Samples were collected over the course of one year (2008-2009) in: 
• September 2008 
• March 2009 
• May 2009 
• September 2009 
Location 
• Property farmed by Kimmelshue Orchards 
• Durham, California, USA (Northern Sacramento Valley, California) 
Constraints 
Groundwater samples will only be taken when the farmer is running water for 
farming (irrigation or frost protection) purposes. 
Key Factors and Variables 
 The independent key factors this study will include are site characteristics, 
climate, and land management.  The topography, soils, and climate for the entire study 
area are very similar, so these factors will not be investigated within this study.  The crop 
grown at each sampling site (almonds or walnuts) will be compared to the respective 
water quality of each site to determine if tree crops impact water quality differently.  
Almonds and walnuts are managed differently, but within each crop type management is 
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similar, so irrigation methods and fertilization practices will be assumed to be generally 
similar within all almond or all walnut orchards.   
 The dependent key factor this study investigated was the chemical properties of 
groundwater.  The variables included in groundwater chemical properties were Ca, Mg, 
K, Na, SO4, HCO3, Fe, Cl, and NO3 concentrations, total dissolved solids (TDS), 
hardness, pH, electrical conductivity (EC), and sodium adsorption ratio (S.A.R.). 
Handling of Variables 
• Land management practices will be standardized because the same farmer 
(Kimmelshue Orchards) manages all the sampling sites. 
• Site characteristics and climate will be standardized since all sampling sites are 
within 2 mi2 and have similar topography, geology, and climate. 
• Differences in crop type will be statistically analyzed to determine if differences 
(if any) are significant. 
Not Included 
• This study did not include investigation of any aquifer differences.  It will be 
assumed that the sample sites are representative of the aquifer characteristics of 
the area.   
• This study did not compare the groundwater quality of the Durham, California 
area to that of any other location. 
• This study did not compare sample sites based upon orchard age. 
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Objectives and Hypotheses 
Objectives 
 
The objective of this research is to determine the baseline concentrations and 
seasonal variations, crop differences and site differences of Ca, Mg, K, Na, SO4, HCO3, 
Fe, Cl, NO3 concentrations, TDS, hardness, pH, EC, and S.A.R. in the groundwater at 
eleven well locations in Durham, California. 
Hypotheses  
 
• Ion baseline concentrations in groundwater are within tolerable levels for 
irrigation use. 
• Groundwater quality improves after the winter due to precipitation recharging 
aquifers. 
• The worst groundwater quality is during the late summer/early fall prior to 
significant precipitation events. 
• Different sample locations are not significantly different in groundwater quality. 
• Crop type does not result in differences in groundwater quality.
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Assumptions 
 
• The professional laboratory (Kinsey Agricultural Services, Inc.) conducts sound 
water analysis tests. 
• Storing groundwater in a refrigerated environment (4°C) for a period of time 
before samples are analyzed will not significantly change the concentration of 
compounds of interest. 
• Polyethylene bottles used to collect and store samples will not significantly 
change the concentration of compounds of interest. 
• The sampling sites are representative of the groundwater of the area. 
• Irrigation lines will not contaminate groundwater samples. 
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CHAPTER 2: LITERATURE REVIEW 
Introduction 
 
Groundwater is an important source of irrigation water. Groundwater supplies 
39% of the agricultural irrigation water in the United States (Criss, 1996). The quality of 
groundwater for irrigation is important because it can adversely impact plant and soil 
health if groundwater quality is poor. Recharge water quality, inland surface water, 
atmospheric precipitation, and subsurface geochemical processes are the main factors 
impacting groundwater quality (Tizro and Voudouris, 2008). Soluble salts (EC, Mg, Ca, 
Na, K, Cl, SO4 and HCO3) are some of the main contributors to groundwater quality (de 
Andrade et al., 2008).  
Sources of Groundwater Ions 
 
Ions in groundwater generally originate either from the parent material of an 
aquifer or from leaching of materials from aboveground. Both natural (lithology, 
interaction with other aquifers, quality of recharge water, and groundwater velocity) and 
anthropogenic (agricultural, urban, industrial activities and usage) processes determine 
groundwater quality (de Andrade et al., 2008). An example of a natural influence on 
groundwater quality was in the Peddavanka watershed, India where a major source of 
dissolved solids in groundwater was host rocks (Gowd, 2005).  The chemistry of recharge 
areas and subsurface geochemical processes can also have a large influence on 
groundwater geochemical properties (Kumar et al., 2006).  
Calcium and magnesium bicarbonate are often present as the result of carbonate 
mineral (calcite, dolomite, and aragonite) dissolution (Al-Agha, 2005; Tizro and 
